Within the current literature, there is a lack of a holistic and multidisciplinary approach to managing spare parts and their inventory configuration. This paper addresses this research gap by examining the key contextual factors which influence the degree of inventory centralization and proposes a novel holistic theoretical framework, the Inventory Centralization Decision Framework (ICDF), useful for practitioners. Through an extensive review of inventory management literature, six contextual factors influencing the degree of inventory centralization have been identified. Using the ICDF practitioners can assess the most advantageous inventory configuration of spare parts. The framework is tested on a large global company which, as a result, today actively uses the ICDF; thus showing its practical applicability.
INTRODUCTION
Inventory can be described as a "physical stock of goods kept in store to meet the anticipated demand. […] a usable but idle resource having some economic value." (Vrat, 2014, p. 21) . Inventory is often regarded as a necessary evil to meet demand fluctuations; this is substantiated in principles such as lean, where holding inventory is considered a waste (Womack and Jones, 1996) , and the agile supply chain, where inventory is held at as few echelons as possible at a time (van Hoek et al., 2001) .
Inventory can be divided into four categories -raw materials, work-in-process, finished goods inventory and spare parts -of which this paper focuses on the latter (Hopp and Spearman, 2011) . Spare parts are often held in stock for maintenance to use during sudden breakdowns, also known as operational downtime, which can lead to lost revenues, customer dissatisfaction and possible associated claims (e.g. for airlines and public transportation) or public safety hazards (e.g. military settings and power plants) (Driessen et al., 2015; Kennedy et al., 2002) . In this paper we define three types of spare parts, inspired by previous research; preventive maintenance, emergency repairs and modificative maintenance (Hopp and Spearman, 2011; Driessen et al., 2015) .
The term "inventory pooling" is coined for trans-organizational cooperation where each firm makes their own inventory-sharing decisions (Zhao et al., 2005) . Inventory pooling is related to centralized coordination between different firms that share inventory (Rudi et al., 2001; Wong et al., 2006) . In this way companies can achieve cost savings on non-core competences through coopetition (Christopher, 2011) . While the opportunity for huge cost savings are attractive, it has yet to be a common practice between organizations, as one of the main inhibitors for spare part pooling is the allocation of fair cost between companies (Karsten and Basten, 2014) . In this paper, we define pooling as the management of flow of spare parts between local and main warehouses through lateral transshipments.
The concept of inventory centralization dates back to the 1960s (Das and Tyagi, 1997) .The main body of research within inventory management of spare parts agree that centralization is the best way to achieve cost savings (Tiacci and Saetta, 2010; Karsten et al., 2012; Braglia and Frosolini, 2013; Cohen et al., 2009; Stoll et al., 2015; Karsten and Basten, 2014) . Inventory centralization is in this paper defined as the physical consolidation of local warehouses, procurement and distribution functions to a few (single) main warehouses. Hence centralization does not only refer to the physical consolidation of stock, but also technical and organizational-managerial centralization. It is therefore assumed that spare part inventories can be centralized or decentralized in three different dimensions; physical, technical and organizational-managerial. Lee and Billington (1993) argue that complete centralized control of materials in a supply chain is neither desirable nor feasible, and Piplani and Fu (2005) state that focus should be moved towards controlling decentralized systems. The extensive body of literature in this area relates to quantitative operations research models or metaheuristic simulations, trying to determine the optimal stock-levels of spare parts, policies for reordering, forecasting methods etc. Wingerden et al., 2014; Hahn and Leucht, 2015; Alvarez and van der Heijden, 2014; Ghaddar et al., 2016; Lengu et al., 2014) . It is evident there is a lack of qualitative assessment approaches for practitioners to use for determining the optimal inventory configuration of spare part inventories with regards to decentralization or centralization, within their current organizational setup. Therefore, the resulting research question (RQ) this paper seeks to address is:
Which factors influence the degree of inventory centralization of a firm's spare parts, and based on the degree of centralization how can the optimal inventory setup configuration be determined?
The RQ is addressed from a contingency theory perspective (Zethaml et al., 1988) , using an in-depth case study due to the explorative nature of the research aim.
The aim of this paper is to provide a holistic approach, a framework, to inventory management of spare parts based on contextual factors. This framework is relevant for practitioners whose firm is not manufacturing or selling spare parts, but which does own several production sites and is in need of guidance on managing spare parts. This paper is structured as follows: Section 2 consists of a literature review which introduces the identified contextual factors; Section 3 provides an outline of the research design; Section 4 presents the case study findings; Section 5 presents the discussion of the findings including details of the implications for theory and practice and Section 6 provides a conclusion, limitations and ideas for future research.
LITERATURE REVIEW
An exploratory approach has been used to generate literature. The literature search has been conducted for all relevant terms related to centralization and decentralization of spare parts inventory, following the guidelines by Rowley and Slack (2004) . The search has been conducted using the library database provided by the Technical University of Denmark, DTU Findit as well as Scopus and Google Scholar. Furthermore, citation pearl growing (Rowley and Slack, 2004) has been used to ensure all relevant literature were identified.
Previous frameworks have mainly focused on inventory control through classification of individual stock keeping units and analyzing demand patterns to determine optimum stock levels, focusing on operational decisions. Recently a comprehensive framework have been proposed by Hu et al. (2018) encompassing both strategic, tactical and operational decisions with regards to spare parts management. Table 1 illustrates some of the recently developed frameworks, but is by no means meant to be comprehensive but are representative in terms of focus area, strengths and weaknesses of the current frameworks.
References
Type Despite the recently more thorough framework provided by Hu et al. (2018) , the main focal point for their contribution is on theory/academia and not practitioners and its practical usability. Hence, there is a need for a dedicated holistic qualitative approach for practitioners to utilize.
Scale for Spare Parts Inventory Configuration
For the scope of this research a complete decentralized inventory configuration is defined as: the production site has own IT-systems, local management and separate inventories (no technical, managerial-organizational or physical storage is shared). While complete centralization is defined as: all production sites have complete transparency of each other's' stock levels through shared IT-systems, central management controlling demand at all locations, and one shared physical storage from where all demand is served. These two archetypes were chosen due to their practical usage and their use in literature (e.g. Tiaccia and Saetta, 2010; Singha et al., 2015; Axsäter, 2005; Tracht et al., 2012; Madadi et al., 2010) . The two archetypes should be perceived as two ends of a fully decentralized or centralized setup. Hence the rest of this paper will focus on the degree of inventory centralization for spare parts with these two archetypes as endpoints, and is shown in Figure 1 . 
Definition of Contextual Factors
Contextual factors are in this paper defined as factors which help determine whether a firm should centralize or decentralize its spare parts inventory. The technique applied for uncovering the contextual factors is two-fold; idea generation and screening. Idea generation is done through an extensive literature review, while the screening is done through brainstorming among the authors of the paper and with other researchers in the field. It should be noted that a holistic view of inventory management of spare parts is pursued. The influencing factors related to individual stock keeping units (SKU) have not been taken into consideration, as it is assumed the practitioner will possess the capability to determine whether the spare parts are stored at centralized or decentralized sites.
There are two main approaches to analyzing organizational setups within operations management, namely the resource based view and the contingency approach. The resource based view states the organizational strategy should follow the organizational structure, hence the organizational structure is perceived as a core competence (Pertusa-Ortega et al., 2010; Barney et al., 2001) , while the contingency approach sees strategy as a contingent factor. The contingency approach (Chandler, 1962) is used while identifying the contextual factors which influence the optimal degree of inventory centralization. The contingency approach states that the organizational structure must follow the organizational strategy (Mintzberg, 1979; Chandler, 1962) . Since manufacturing firms rarely have inventory management of spare parts as a core competence, the contingency approach is chosen in favor of a resource based view.
Degree of Inventory Centralization

0% centralization 100% centralization
The contingency approach is used in coherence with a deductive case study, as both seek to go from theory to practice (Yin, 1994) . The contingent factors represent the firm's situation in an external business environment (Zeithaml et al., 1988) , and the optimal configuration of spare parts inventories is based on the identified contextual factors.
Two types of contextual factors have been identified, namely strategic and operational. The operational factors are defined as production site specific factors, while strategic factors relate to governing firm goals. The differentiation is made as the strategic factors are the same for all the storage locations within an organization, while the operational factors must be compared for all storage locations. This is to identify whether it would be feasible to centralize individual warehouses, even though the general strategic factors might point towards decentralization. Identified factors such as Commonality of Spare parts, is an operational factor, and the commonality between all warehouses should be individually assessed, to identify whether some of the warehouses have a high degree of commonality while others might not.
Identified Contextual Factors
Through an extensive literature alongside idea generation and screening phase, six contextual factors have been identified. The identified contextual factors are presented below and categorized as either being strategic or operational, and summarized in Table 1 .
Strategic factor 1: Contribution of spare parts management
According to Kennedy et al. (2002) , one of the main issues in management of spare parts is to determine the goal of spare parts within a firm either to reduce cost or increase availability. Inventory management of spare parts can contribute to a firm's competitive advantage in at least two ways. Efficient management of spare parts result in lower invested capital and minimizes total supply chain costs, enabling the firm to a potential cost advantage (Wagner et al., 2012) . This can be seen as a cost-leadership strategy (Porter, 1980) . Conversely, inventory management of spare parts can help to achieve competitive advantage through a responsive strategy, in markets (medical, fast-moving consumer goods, etc.) where production downtime is significant and critical towards delivery performance.
Strategic factor 2: System capability
This factor relates to the technical capabilities of the firm. The technological aspect of the firms' inventory setup is used to assess if there is a system in place for capturing and analyzing inventory data across different warehouses and production sites within the firm. The need to address this as a contextual factor was identified during the case study research together with the case company.
Strategic factor 3: Risk patterns
The contextual factor of risk patterns relates to the demand and supply pattern between the production sites and the risk willingness of the firm. Demand patterns and supply disruptions can be either deterministic or stochastic. A decentralized inventory setup is optimal when stochastic supply disruptions and deterministic demand patterns are present (Schmitt et al., 2014) , as the cost-variance is lowered for a decentralized setup in a stochastic supply environment and the expected cost is equal for both a centralized and decentralized setup under deterministic demand. Oppositely, a centralized inventory setup is proven optimal under deterministic supply disruptions and stochastic demand patterns (Schmitt et al., 2014) , due to a lower expected cost by the centralized setup and equal cost for a centralized and decentralized setup of the cost-variance. Schmitt et al. (2014) further examined the optimal inventory configuration based on a stochastic demand pattern and stochastic supply disruption environment, and showed that the optimal choice of centralization or decentralization was based on the risk willingness of the firm.
Operational factor 1: Cost of downtime
One of the main considerations practitioners face when determining the optimal inventory configuration of spare parts, is the cost of downtime. Spare parts are often held decentralized at production sites, to avoid extensive periods of downtime. If the cost of downtime is considered high, the greater the benefit is of a decentralized inventory configuration (Wang and Yue, 2015) . The decentralized inventory configuration ensures that there is always a spare part in stock and production only faces downtime if several machines require the same spare part while a part is retrieved. If the cost of downtime is low compared to the cost of carrying excessive stock with no stock turn, a centralized inventory configuration provides the most cost efficient system.
To avoid assumptions of which factors a firm should have as part of their downtime cost, the authors propose the following formula (see equation 1) to estimate a firms' Contextual Cost of Downtime (CCD). The CCD is to be used when estimating the cost of downtime.
Operational factor 2: Inventory holding cost The inventory holding cost is an important factor when considering the degree of centralization of spare parts inventory. Wanke and Saliby (2009) state that " […] high holding cost items should be kept centralized, and, the smaller is the holding cost, the higher is the degree of inventory decentralization.". Furthermore, Wang and Yue (2015) summarized that the higher the holding cost, the more beneficial it is to move towards a higher degree of centralization, as the holding cost per unit decreases, a lesser degree of centralization should be sought.
The true inventory holding cost is hard to estimate as manual warehouse systems often contain both semi-hidden and hidden holding costs (Azzi et al, 2014) . Richardson (1995) presented a cost-to-carry matrix which estimated the total inventory holding cost as ranging between 25%-55% of the average annual inventory value. This is in coherence with the range of 20%-50% of inventory value as presented by Schonberger and Knod (1997) and Pyke and Cohen (1994) . Azzi et al. (2014) split the inventory holding cost into several sub-categories and through an empirical study confirmed the general rule of thumb of 25% of inventory value being the annual inventory holding cost.
To avoid ambiguity the authors, propose a Contextual Inventory Holding Cost (CIHC) formula (see equation 2) to be used when assessing a firms' inventory holding cost.
= ( ) * 100
(2)
Operational factor 3: Commonality of spare parts The contextual factor commonality of spare parts relates to the commonality of spare parts across the centralized organizations. The aviation industry and military has proven successful in pooling spare parts, due to a high level of commonality on component level, despite having different models and owned by different companies (Karsten and Basten, 2014) . Kranenburg and Van Houtum (2007) showed that the savings obtained by sharing stock are significantly dependent by the level of commonality, especially for the high-value SKUs. Even intra-organizational commonality of production equipment components can reduce down time significantly (Seidel, 1983) . To achieve savings by centralizing the spare parts inventory a significant number of components must be used interchangeably between the cooperating manufacturers.
The level of commonality is in this paper defined as; the intra-organizational level of component commonality between all individual factories, measured as percentage of common components between plants. A high level of commonality points towards centralization, while a low level of commonality points towards decentralization.
For the remainder of this paper, the contextual factors will be abbreviated SFx for Strategic contextual Factor number x (x being the number of the strategic factor as presented in this section). While Operational contextual Factors will be abbreviated OFx, following the same logic as SFx.
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If a system is in place, the technological aspect points towards a centralized configuration.
SF3
Schmitt et al. (2014)
The risk willingness of the firm impacts the stocking policies and inventory configuration of the firm.  A risk-averse company will be more willing to stock less and centralize more. 
A risk-neutral company will be keener on stocking SKUs on warehouses close to production sites or at the production site itself.
.
A decentralized inventory setup is optimal when;  stochastic supply disruptions and deterministic demand patterns are present  Risk-averse nature A centralized inventory setup is proven optimal under;  Deterministic supply disruptions and stochastic demand patterns  Risk-neutral nature
OF1
Wang and Yue (2015); Singha et al. (2015) ; Patterson (2002) The decentralized inventory configuration can ensure that a spare part is instantaneously available and production only faces downtime if several machines require the same spare part while a new is retrieved. Though, if the cost of downtime is low compared to the cost of carrying excess stock with no stock turn, a centralized inventory configuration provides the most cost efficient system.
If the cost of downtime is high a decentralized inventory configuration is preferred
If the cost of downtime is low, due to not running full capacity production or similar, a centralized inventory configuration is preferred.
OF2
Wang and
Yue (2015) Wanke and Saliby (2009) The general rule of thumb of 25% inventory holding cost, is used to distinguish between a high level or low level of inventory holding cost.
For low inventory holding costs the decentralized inventory configuration should be sought.
For high inventory holding costs the centralized inventory configuration should be pursued. A high level of commonality points towards centralization
Framework for centralization degree of spare parts inventory
Through the literature review it is proposed that all six contextual factors influence the level of decentralization or centralization of the inventory configuration. The authors propose the ICDF to determine a firms' degree of inventory centralization of spare parts; first using a qualitative and then a quantitative approach.
To determine the degree of inventory centralization and hence the firms' placement on Figure 1 , a quantitative analysis is applied. The quantitative approach is a modified version of the one presented by Hansen et al. (2017) .
The different contextual factors are weighted according to their perceived importance using a pair-wisecomparison method. In Table 2 , the row and column labels, abbreviates the contextual factors as per Table 1 . The factors in the row are compared with the factors in each column. If the factor in the row is perceived to be more important than the one in the column, it is assigned the value of '1' while if less important the value is set to '0'. If the two factors are equally important the value is set to '0.5'. Once all factors have been evaluated each row total value is summarized in the column Absolute weight and the Relative weight is derived. The weights for the different contextual factors should be determined by procurement managers, maintenance managers, and other key stakeholders. The weights should reflect the strategic priorities of the firm concerning spare parts management. Based on the qualitative analysis of the contextual factors, each factor should ideally point towards either centralization or decentralization. If the contextual factor points towards decentralization it is, for the purpose of the quantitative analysis, assigned a '-1', while pointing towards centralization it is assigned a '+1'. Contextual factors with an ambiguous result are assigned a '0'. This result is put into the column Decentralization or centralization in Table 2 . The degree of inventory centralization is then calculated based on the formula presented below;
= ( (∑( ℎ ) * ( )) + 1 2 ) * 100%
The result of this calculation is a number between 0 and 100%, where 0% indicates that complete decentralization is the optimal inventory configuration while 100% indicates that complete centralization is the optimal configuration. The ICDF will be validated and further detailed using a case study.
CASE STUDY RESEARCH DESIGN
A case study approach was selected due to the explorative nature of the research (Yin, 1984; 1994) . To generate findings the cases, pages and time spent is not essential, but a clear understanding of the context and capability of drawing findings is crucial (Hilmala et al., 2005; Yin, 1984; 1994; Dyer and Wilkins, 1991; Meredith, 1998; Hill, Nicholson and Wash, 1999) . A single case study method was chosen as it has the advantage of allowing greater depth, but the primary disadvantage is the lack of generalizability of the findings (Voss et al., 2002; Kuhn, 1996; Zainal, 2007) . However, generalization is not a goal of this study as this research is explorative and seeks to create a proof of concept for the proposed ICDF through a holistic application of the contextual factors derived from the literature review.
The case analysis is evaluated on the four criteria put forth by Hilmala et al. (2005) for a successful descriptive case study; relevant to practitioners, theoretical connections, usability in practice and theoretical novelty value. A descriptive deductive method was chosen for the case analysis as it draws on theory and logical findings from literature to answer the presented research question (Hilmala et al, 2005) and to test the developed ICDF (Zainal, 2007) . 
Case Firm
The case firm is a European insulation manufacturer. The firm has a network of 28 operational companies worldwide, with sixteen in Europe. The firm is called Thermo A/S for confidentiality reasons. The focus of this case study is on the sixteen European operational companies, and whether a centralized or decentralized spare parts inventory configuration should be pursued. Thermo A/S serves both the business-to-business as well as the business-to-customer segment. Each operational company has gradually been acquired and erected as Thermo A/S has gained larger market shares.
Data Collection -Interviews and Internal Survey
The case analysis is based on information from internal documents and semi-structured interviews with key employees throughout the organization. Four people from Group Procurement were interviewed and two maintenance managers. Group Procurement is responsible for managing stock level and procurement policies at the case firm. Each interview lasted approximately an hour and key points were noted during each interview and afterwards cleansed and send for approval of the interviewee to avoid misinterpretations. Then the interviews were coded and analyzed. Interviews are the primary source of information when analyzing a firm's AS-IS situation, it is also the most efficient way to gain knowledge of a firm's current situation, as it is rarely documented. The interviews are based on Kvale's (1997) two arch roles: the traveler and the miner. The roles are applied sequentially. The traveler uses a semi-structured interview which allows for free associations, whereas the miner aims to gain specific data and detailed knowledge from the interviewee through a structured interview. Kvale's (1997) two arch roles also correspond to the funnel strategy introduced by Mandel (1974).
To ensure a correct assessment of the overall AS-IS situation and thus validate the interview results a quantitative survey was conducted within the case firm to get consistent data input from maintenance managers across Europe on plant level. The quantitative survey was used to identify current practices among different operational companies within the case firm and to gather specific numbers related to the spare parts inventory at the given site. The survey follows an inductive approach and was sent to seven operational companies, selected by the Category Director of Maintenance, Repair and Operational supplies (MRO). The chosen operational companies are geographically representative for the sixteen European plants owned by the case company and will represent the European inventory configuration of the case company. Maintenance managers from all seven operational companies answered the survey. The survey consisted of six parts, with a total of twelve questions.
Validity of collected data
The condensation principle is used for the data collected through interviews (Thomas, 2006; Malterud, 2012) . The condensation principle builds on the principle that optimal output from interviews can be gained through condensation of key points rather than transcribing entire interviews. The condensation principle revolves around extracting only the essential points in the form of notes during the interview. Next step is then to clean the notes and validate the remaining points with the interviewee. This ensures that no interviewee is misinterpreted and that they get a chance to further elaborate. To ensure reliable data, the interview data is coded by two independent persons (Thomas, 2006) . This ensures rigidity and transparency of the interview. Hence, care is taken to avoid some of the problems normally associated with a case study based methodology, e.g. the lack of rigidity (Meredith, 1998) .
The research relies on multiple data sources within the case firm, allowing the use of triangulation to find converging themes and lines of inquiry (Voss et al., 2002) . Finally, the results from the case study were presented to managers and employees in the case firm to further validate the results.
CASE STUDY FINDINGS
This section contains the analysis of the case firm based on the six identified contextual factors to determine the optimal degree of inventory centralization within Thermo A/S.
Qualitative analysis
The analysis of the six contextual factors for the case firm has been comprised in Table 3 for easy comparison of the output of the AS-IS situation and contextual situation. The operational contextual factor of Cost of Downtime has not been evaluated for the case firm, as it was not possible to retrieve any figures on this factor. Furthermore, the operational contextual factor Commonality of spare parts has been applied on a large-scale comparison instead of the proposed individual comparison between all warehouses. Due to the fact of available data at the time.
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SF1
Thermo A/S has a responsive supply chain strategy to support their 24-48 hours' delivery service on standard products and their high level of customer service. From a maintenance point-of-view the strategic contribution is further to reduce downtime rather than running a cost-effective setup. This supports a very decentralized setup as the groups best is not favored over individual interests. This emphasizes the need for locally stocked spare parts in case of production downtime and hence enforces the strategic contribution of spare parts to be responsiveness.
Decentralization Decentralization
SF2
The managerial as well as technical capabilities are at Thermo A/S present, though not utilized. Thermo A/S has a global ERP system able to encompass the data from all operational companies. Currently the ERP system is used incoherently, and does not offer full transparency and management capability. Though, from a technical point of view the ability to achieve transparency and managing it from a centralized point is present. Furthermore, the lack of a centralized master data department makes the management of coherent data management difficult.
Decentralization Centralization
SF3
Thermo A/S is risk averse in relation to management of spare parts; partly because the spare parts should figure in a responsive supply chain and because there is a general lack of risk considerations when procuring/stocking spare parts. From an interview with a local MRO manager the following example was given: Newly bought equipment contained several different motors, which could be supplied from the manufacturer within 48 hours in case of a breakdown. Even though this information was relayed, it was decided to procure one of each type of motor, which could be received with short notice, leading to a huge investment of spare parts.
Decentralization Decentralization
OF1
In Thermo A/S the inventory holding cost is calculated based on usage of storage measured in physical square meters. The inventory holding cost is € 12 2 for outdoor let, while € 36 2 for indoor let at all European warehouses. From the internal survey conducted within Thermo A/S the square-meter usage was gathered and the annual holding cost calculated. The general rule of thumb of 25% was not confirmed for the reporting purpose of Thermo A/S. For the AS-IS and contextual situation indicates a low inventory holding cost. It should however be noted that the 25% rule of thumb is only applicable if firms' report on all costs associated with inventory holding cost which in practice is rarely the case.
Decentralization Decentralization
OF3
Approximately 5000 SKUs are utilized across the operational companies which corresponds to approximately 5% of the total number of spare parts; leading to a low level of shared components. The current situation of Thermo A/S is highly decentralized. Within the context of Thermo A/S there is a huge potential for harmonization of spare parts and hence increasing commonality at the warehouses. This is based on the fact that all operational companies within Thermo A/S, basically produce the same product.
Decentralization Centralization
Quantitative Analysis
For the quantitative analysis, a process specialist with extended experience within inventory management in the Group Procurement division of Thermo A/S, have assessed the importance of the different contextual factors for Thermo A/S. The results were hereafter shown to the key stakeholders at the case company to ensure validity of the assessment of the firm specialist's results. Table 6 summarizes the pair-wise-comparison, the relative weight of each factor and how they influence on centralization or decentralization (from the qualitative analysis). The contextual factors cost of downtime, commonality of spare parts and inventory holding cost are among the most important contextual factors. The relative weight is used to calculate the degree of inventory centralization for both the AS-IS situation and the contextual analysis of Thermo A/S. The AS-IS analysis of Thermo A/S shows a highly decentralized inventory configuration. The quantitative model yields 0%. The AS-IS degree of inventory centralization is visualized on the conceptual scale in Figure 2 .
Figure 2: AS-IS situation visualized
For the contextual analysis, Thermo A/S, points towards centralization in both System capabilities and Commonality of spare parts. This yields 54% degree of inventory centralization. The degree of inventory centralization for the contextual analysis is visualized in Figure 3 .
Figure 3: Qualitative analysis visualized
The difference between the AS-IS situation and the contextual analysis is the utilization of the IT-system which is in place at Thermo A/S, and the contextual potential for increasing the commonality of the spare part stocks. Currently the ERP system is by far underutilized and no common process is in place for managing spare parts; hence leading to a proliferation of spare parts.
Improvement suggestions for Thermo A/S
Based on the perceived importance of each contextual factor for Thermo A/S, the most important factor is the Commonality of spare parts. Even though this factor from a contextual point of view points towards centralization, a lot of work is required to achieve their contextual potential within this factor. The contextual factors System capabilities also pointed towards centralization for Thermo A/S, and would be the best place for them to start, if they wish to pursue a more centralized inventory configuration.
SF1 SF2 SF3 OF1 OF2 OF3
Decentralization or centralization
Absolute weight
Relative weight
AS-IS Contextual
1 0,5 0,5 0,5 0,5 -1 -1 3 27% OF2 1 0,5 0 0,5 0 -1 -1 2 18% OF3 1 1 0,5 0,5 1 -1 1 4 36%
0% centralization 100% centralization
Current position of Thermo A/S 0% centralization 100% centralization
Commonality of spare partscentralization
The second step for Thermo A/S is to reduce the invested capital to clean stock of obsolete spare parts. Furthermore, reduction of redundant spare parts should be pursued and a general guideline for codification of spare parts should be set in place to avoid further SKU proliferation.
The second most important factor for Thermo A/S was the Inventory Holding Cost. The inventory holding cost presented during the case study was a fixed value for indoor and outdoor let based on square-meter-usage. For Thermo A/S, it would be beneficial to uncover the actual inventory holding cost within their organization, as the authors can see a lot of cost components not factored into Thermo A/S' current calculation. Uncovering the actual holding cost might even swing the context towards centralization if the cost is shown to be considerable.
The improvement suggestions for Thermo A/S are in Table 5 summarized. 
Technical improvements Physical improvements
Organizational improvements Thermo A/S, should start their process of moving towards a more centralized setup, with ensuring the technological baseline is in place. Thermo A/S, should clean up their master data in their ERP (Enterprise Resource Planning) system. Furthermore, standardized processes for managing the data and working in the ERP system should be set in place. This will increase the reliability of the data and improve the transparency throughout the supply chain. This is a prerequisite before any actions can be taken towards sharing stock between warehouses.
Thermo A/S, should clean their warehouse stocks, and try to identify high-value spare parts which can be utilized at several production sites and consolidate the stock of these at one warehouse. This action is related to the classification process as not all items can be centralized due to their criticality.
It should be considered whether physical consolidation is appropriate or if a virtual warehouse is more suited, than the costs associated with physical moving of spare parts.
Even though the contextual factor of Strategic contribution of spare parts management did not receive much attention. Thermo A/S, should consider their current short delivery time and very responsive strategy towards customers. Taking into consideration the product and market they are serving is the building industry, not a market with high margins based on being responsive, were a cost-leadership approach is more suitable.
DISCUSSION
Contribution to Theory
The key contribution to theory is the identification of a set of contextual factors to determine the appropriate degree of inventory centralization. The use of a qualitative methodology presents a novel approach to inventory management of spare parts. This paper contributes to the body of spare parts inventory management in several ways;
 Identification of the key contextual factors determining the optimal degree of inventory centralization  A quantitative analysis to determine the current and optimal degree of inventory centralization for spare parts  Development of ICDF useful for practitioners for assessing their inventory configuration The identified contextual factors are further discussed in this section.
Contextual factors
The ICDF takes a holistic view on inventory configuration with regards to spare parts, and further provides novel ways of estimating the cost of downtime and inventory holding cost. The two approaches are centered on being contextual, and hence are directly compared with the firms' current context, and not based on rule of thumb or similar provided by the literature. The primary difference from general research is that the ICDF does not try to identify the factors which influence the true inventory holding cost or cost of downtime within a firm, as these are assumed to be irrelevant when looking only at the firm's context. Hence to find the optimal inventory configuration; the ICDF simply considers the firm's own estimation and assessment of its costs. The disadvantage of this is that if the inventory holding and downtime cost within the context are erroneous, the decision basis might also be erroneous. It is therefore worth noting that for the ICDF to work optimally, the firm should be clear in their costs and how they are evaluated within their firm.
One of the main challenges of the ICDF is the contextual approach itself. As all factors are dependent on the context in which the firm operates; the contextual factor commonality of spare parts plays a huge role in the decision whether to centralize or decentralize spare parts inventory. To unravel the true conditions of the context, a resource-based view approach should be applied before using this contextual framework to minimize the redundancy of spare parts and ensure substitution. Hence after every major policy change, the firm should reevaluate their position with regards to the ICDF, to see if it warrants a change in their current inventory configuration.
Contribution to Practice
This paper provides a novel framework, the ICDF, which integrates six identified contextual factors to help practitioners identify the optimal degree of inventory centralization. The ICDF provides a holistic view of the inventory management of spare parts, and is not limited to a single variable or SKU level analysis. The ICDF provides practitioners with a qualitative approach to assessing the firms' current configuration as well as the optimal configuration based on the actual context. Furthermore, the ICDF consists of a quantitative approach which turns the qualitative analysis into a percentage inventory centralization ranging from 0% to 100%. To utilize the ICDF, the authors propose the following six steps:
Step 1: Conduct the qualitative analysis by interviews
Step 2: Conduct the quantitative analysis using key stakeholders, to determine the importance of each contextual factor Step 3: Determine the current and optimal degree of inventory centralization using the gathered data and the importance score for each contextual Step 4: Compare the current degree of inventory centralization with the optimal degree of inventory centralization Step 5: Directions and suggestions should be set for improving the degree of inventory centralization, to match the firms' context Step 6: Evaluate suggestions using cost-benefit analysis The steps are further explained along with the influence of the contextual factors depicted in Figure 4 , which encompass the ICDF.
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Figure 4: Inventory Centralization Decision Framework (ICDF)
Based on the result of the ICDF, practitioners should aim to either centralize or decentralize their spare parts inventory configuration. The most apparent to pursue when discussing inventory centralization is physical consolidation of stock. As mentioned, centralization can be considered on physical, technical and managerialorganizational level. This is also seen in practice as shown in Axsäter et al. (2013) , where Volvo Parts have a physically decentralized setup with a highly centralized technical and managerial-organizational configuration. Hence improvements can be made within these three areas to achieve the optimal degree of inventory centralization. The authors propose that the first step in centralization should be within the technical area as transparency throughout the supply chain is the first step towards sharing of spare parts. Secondly, managerialorganizational improvements should be sought, as this avoids SKU proliferation and ensures a common codification process as this will be handled centrally. Lastly, physical improvements should be considered as merging stock and consolidation of warehouses are major steps to take.
CONCLUSION
This paper address the research question: "Which factors influence the degree of inventory centralization of a firm's spare parts, and how can the optimal inventory setup be configured based on this centralization degree?"
This was done by identifying six contextual factors, which all contribute to the degree of inventory centralization for spare parts. A conceptual scale was developed encompassing a continuum of 0% to 100% of centralization. Based on the identified six contextual factors and the developed conceptual scale, the ICDF has further been developed, to help practitioners determine the most beneficial inventory configure for spare parts within their firm. The ICDF is a novel approach to identifying optimal inventory configurations, as the current body of literature within inventory management mainly revolves around optimizing the configuration based on several assumptions through mathematical models, which is rarely used in practice. The ICDF is readily applicable and can be used by all practitioners.
The ICDF was tested using a case study of the firm Thermo A/S. The results of the case study were unveiled during a workshop for the Group Procurement Management Team at Thermo A/S. The management team approved the usability of the ICDF as well as the results of the case analysis, and is currently moving forward with actively using the ICDF in their decision process regarding spare parts inventory. The case firm is currently harmonizing the ERP system utilization and increasing transparency throughout all factories, as per the conclusion of the qualitative analysis aspect of the ICDF which showed that the best place to start, was the factor System capabilities to increase the degree of inventory centralization. Furthermore, in coherence with this harmonization project, Thermo A/S, has started to classify all their spare parts based on criticality. Thus, the case study has shown proof of concept for the ICDF and shown practical usability of it in one of the world's market leaders within the insulation industry.
The main limitation of the provided case study is the lack of data regarding cost of downtime, and the fact that the operational factors have not been widely applied to each factory, but have been treated holistically. For future research and for the best application of the ICDF practitioners should apply the operational factors to each factory and compare them against each other to discover factory similarities to make informed decisions regarding physical consolidation of stock between factories.
Another further research area could be to include a contextual factor that encompasses the ecological aspect of inventory management. This would help firms chose a certain inventory configuration from a carbon footprint perspective and not solely a cost perspective.
